The paper is devoted to the experimental study of heat generation processes in various metallic materials under high-cycle loading with different values of asymmetry and amplitudes of cycles. Tests were performed on flat, smooth specimens subjected to cyclic stretching with increasing amplitude. Change in thermal radiation detected by an infrared detector, by the value of the thermal sensitivity of the device NETD was taken for the beginning of a metal sample self-heating. The stresses corresponding to the beginning of self-heating, are called critical. It has been established that Smith and Haigh diagrams of critical stresses of the onset of selfheating are similar to the same diagrams of ultimate fatigue stresses.
Introduction
It is known that during the destruction of a metal structure under mechanical loads, the accumulated energy is released and dissipates largely as heat [1, 2] i.e. the material is self-heating. This phenomenon accompanies any type of fracturetransition to a plastic state, rupture upon reaching the strength limit, fatigue damage under low-and high-cycle loads. It is obvious that energy dissipation can be used to characterize the state of metal structures, to identify and assess the degree of damage. To register the amount of dissipated energyб infrared detectors (thermal imagers) having a temperature sensitivity of not more than 0.05 ° K are used. The main feature of IR detectors is the measurement of infrared radiation, characterizing the intensity of energy dissipation, not in a single point (as in pyrometers or thermocouples), but over a certain field of points. Such a field includes both a damaged area (apex of a visible or hidden crack) and intact areas. The thermal radiation gradient between the points of the damaged and intact areas gives information about the intensity of the development of destruction [3] , and, therefore, indirectly allows us to make a prediction about the durability of the structure.
Assessment of structures durability is an important task in the operation of facilities. To identify damage that reduces durability, various methods of non-destructive testing are used during periodic inspections (acoustic emission, ultrasound, etc.) or strain gauge and vibration diagnostics with constant monitoring [4] .
IR thermography is one of the relatively new methods of non-destructive testing. The advantages of IR thermography are the possibility of remote detection of damage, the minimum amount of preparation for measurements (sometimes measurements can be carried out without any preparation), obtaining results directly at the time of measurement, and ease of use. Known successful application of the method of IR thermography to assess the fatigue life of bridges [3, 5, 6] . Used in the more general thermoelastic stress analysis (TSA) [7] , this approach is referred to as self-reference lock-in IR thermography.
Many parameters have a significant effect on fatigue lifea complex (multiaxial) stress state, random stresses (for example, residual assembly from welding or caused by surface defects) [7, 8] , asymmetry of the loading cycle. To use these parameters in the TSA method, it is necessary to conduct a special experimental study of this effect using IR thermography. In particular, residual stresses were studied by IR thermography in [10] .
This article shows some results of experimental studies of the effect of the asymmetry of the loading cycle on the intensity of heat release in various materials under high-cycle loading.
Experimental
The development of fatigue damage in metals is known to be accompanied by the dissipation of the mechanical energy of deformation in the form of heat. The phenomenon of metal self-heating under cyclic loads, accompanied by an increase in the intensity of infrared radiation, is observed where the total stresses in the material exceed the critical ones, i.e. σ > σcr. By saying critical stress, we denote the minimum value of the maximum stress in a cycle at intense heat dissipation, leading to an increase in material temperature by a value of ΔT, begins. The value of ΔT is the sensitivity of the device NETD ΔTNETD = 0.05 ° K.
At low cyclic stresses, the material of metal structures elements, even in dangerous places, is deformed almost elastically and there is no significant increase in heat dissipation during an oscillation cycle. The amount of heat released is small and is spent on heat exchange with neighboring slightly loaded sections, on convective heat exchange of the oscillating metal construction element with the environment and on local material self-heating. At higher stress levels, as a result of structural heterogeneity of the material, local microplastic deformations occur in locally stressed zones [5] , which leads to a significant increase in heat release.
The resistance of many materials to fatigue failure depends on the asymmetry of the loading cycle. Therefore, in order to reliably estimate the fatigue strength of materials operating under asymmetric loading cycles, stress limit diagrams or lines of equal durability are constructed in coordinates σm ~ σmax / σmin (Smith diagram) or in coordinates σm ~ σа (Haigh diagram). Here, σm, σmах, σmin, and σа are the mean, maximum, minimum, and amplitude values of the stresses of a specimen loading cycle, respectively. We shall note the great complexity of constructing these diagrams. For example, in order to construct these diagrams for a single material for different durabilities, it is necessary to test 7-10 batches of samples, approximately 20 samples in a batch until destruction at different asymmetry coefficients, then construct Weller's curves and build Smith or Haigh diagrams afterwards.
Each point on the limiting envelope of these diagrams corresponds to the fatigue limit for the selected durability in the case of loading a sample with a loading cycle, the parameters of which correspond to the coordinates of the point characterizing this cycle: σm ~ σmax / σmin or σm, σa. Since in this paper the fatigue process is associated with the critical stress of the beginning of self-heating under cyclic loading, the impact of the loading cycle asymmetry on the magnitude of such a critical stress was investigated.
Heat release, or more precisely, the intensity of the infrared radiation flux off the surfaces of test specimens from various alloys, was measured using thermograms obtained with a thermal imager, which has a temperature sensitivity of at least 0. The test method was as follows. To improve emissivity, the working part of each sample was covered with matte paint. For fatigue testing, the specimen was fixed in a machine clamp. After that, the specified average stress σm was created in the sample and the sample was subjected to cyclic loading, at which the amplitude component of the cycle -stress σawas stepwise increased. At each stage of loading, the sample was held for 10-20 seconds, during which the temperature at the stage stabilized.
The amplitude of the cycle was raised until at some stage of loading the self-heating in the working zone of the sample occurred. At the time of the start of self-heating, the stress was noted, which was taken as the critical σcr. Then another medium stress was created in the sample and the test cycle was repeated.
Fig. 1. Samples for testing

Results and discussion
The test results are shown in Fig. 2-4 5 shows Weller's fatigue curves for samples of the BT-20 alloy, obtained experimentally at different cycle asymmetry coefficients using the Weller method. Samples tested for fatigue were fully consistent with samples tested for self-heating. Using these fatigue curves, you can determine the number of cycles to failure, corresponding to the critical stress diagrams σcr shown in Fig. 4 . For example, the parameters of the loading cycle of the envelope of the critical stresses for points A1, A′1; B1, B′1; C1, C′1 (Fig. 4, a) and similar points A2, B2, C2 (Fig. 4, b) correspond to points A, B, C on the Fig. 5 . It can be seen that points A, B, C on the fatigue curves correspond practically to the same durability Nk ≈ 2.65 · 10 6 cycles. Thus, the critical stress diagrams σcr shown in Fig. 4 are lines of equal rise in self-heating temperature or lines of equal durability Nk, which for material BT-20 corresponds to Nk = 2.65 · 10 6 cycles.
Conclusion
1. Using structural steels samples under a uniaxial stress state and asymmetric loading cycles, the heat release in the sample material with a stepwise increase in the operating time was investigated. 2. It has been stated that each material for any given loading cycle and selected type of deformation has its own critical stress. In the places of the sample, where the stresses are greater than or equal to the critical, heat dissipation is observed, leading to the self-heating of these sites. 3 . For each sample, tested without damaging it, the diagrams of critical stresses of the beginning of selfheating are constructed in coordinates σm ~ σа (Haigh diagram), and σm ~ σmax / σmin (Smith diagram). 4. The fatigue tests carried out for the control samples of the ВT-20 alloy before failure showed that the points of these diagrams in the coordinates of Haigh and Smith correspond to stresses equal to the values of the critical stresses σcr of the beginning of self-heating. Thus these points fit well on a line that has the same self-heating temperature or a constant critical stress σcr onset of self-heating, or the same durability of these samples, under fatigue loading with their cycle, the parameters of which correspond to this accepted critical stress σcr. It is logical to assume that the same pattern will take place in other materials.
